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Objective: Driven by new technology and the trend toward minimally invasive techniques, vascular surgeons have eagerly
begun performing catheter-based arterial interventional procedures, a subspecialty termed endovascular surgery. How
incorporation of endovascular surgery by vascular surgeons has influenced the number of standard open peripheral
vascular operations is unknown. The purpose of this observational study was to examine the effect of endovascular
surgery performed by the vascular surgeons of an established vascular surgery service on the volume of open peripheral
vascular operations performed.
Methods: With our prospective vascular registry, we compared the number of index vascular procedures from 1996 to
1998 (immediately before the start of an endovascular program) with the numbers from 1999 to 2000 (immediately after
the start of an endovascular program). Differences in proportions (endovascular versus open/standard) between the two
time periods were compared with the 2 test for homogeneity.
Results: From 1996 to 1998, 122 procedures were referred to radiology for arterial intervention versus none from 1999
to 2000, reflecting the initiation of the endovascular program. During the entire study period, annual volume
(endovascular  open/standard) of vascular procedures, excluding the procedures referred to radiology, increased by
70% (1996, n  402; to 2000, n  685). Although open procedures from 1996 to 1999 increased 49% (n  356 to n 
531), the number decreased by 5% from 1999 to 2000 (n 531 to n 507). In contrast, the endovascular volume from
1996 to 2000 increased 324% (n  42 to n  178). A statistically significant reduction was seen over time in the
proportion of open/standard cases to endovascular cases in comparison of 1996 to 1998 with 1999 to 2000 for total
cases (n  1539, 88% open; versus n  1341, 77% open) and for all index procedures (aortoiliac, 70% versus 55%;
abdominal aortic aneurysm, 100% versus 63%; brachiocephalic, 73% versus 47%; renal, 60% versus 24%) except carotid
procedures (100% versus 99%) and femoral-popliteal/tibial procedures (87% versus 87%).
Conclusion: The integration of endovascular procedures by vascular surgeons of an established vascular practice
significantly reduced the proportion of all open vascular procedures except for carotid and femoral-popliteal/tibial
intervention. These data may have important implications for the future training of general and vascular surgeons. (J
Vasc Surg 2002;36:514-9.)
During the past 10 years, vascular surgery has evolved
from a surgical subspecialty largely practicing only open
surgery to an emerging independent specialty with an ex-
panded technical scope that includes open surgery, cathe-
ter-based intervention, and procedures combining both
modalities. Driven by new advances in technology, the
most notable perhaps being the endovascular stent graft
first described by Parodi, Palmaz, and Barone1 in 1991,
vascular surgeons rediscovered the potential of catheter-
based interventional procedures—procedures they previ-
ously had relegated largely to interventional radiologists.
Embracing the new term “endovascular surgery,” practic-
ing vascular surgeons scrambled to learn catheter-based
techniques and training programs amended curricula to
teach these skills to vascular surgery trainees.
Today the practice of vascular surgery is clearly different
than it was 10 years ago. Despite this, few have examined
the technical practice pattern changes that have occurred as
the result of vascular surgeons performing their own endo-
vascular surgery. These changing patterns are important for
various reasons and include, among other things, implica-
tions related to the future training of our surgeons. The
dynamics change when a practice’s diagnostic and thera-
peutic endovascular surgery is performed by vascular sur-
geons within the group. Consequences of this change
include the resumption of patient control that is sometimes
lost when a patient is referred to radiology, the enhance-
ment of the economic enumeration to the group, and the
loss of previously held bias toward endovascular surgery or
open surgery, which occurs when the vascular specialist is
unable to perform one or the other treatment method.
Whether intentional or subconscious, on the basis of sound
previously established data or not, initial treatment will
undoubtedly be influenced when a practice incorporates
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endovascular surgery within the group. Has the implemen-
tation of endovascular skills into our vascular practices by
vascular surgeons influenced our operative approach to
patients with peripheral vascular disease? The purpose of
this report was to examine this and to specifically determine
how the integration of an endovascular program has af-
fected the number of standard open peripheral vascular
operations performed by an established vascular surgical
service.
METHODS
In 1994, the Academic Department of Surgery of the
Greenville Hospital System, a 1000-bed nonuniversity
teaching hospital, established a vascular surgery service. In
1998, as the service grew and the technical scope of vascular
surgery changed, a decision was made to establish a subsec-
tion of endovascular surgery within the existing vascular
service. A vascular surgeon (TMS) who devoted 80% of his
professional time to the vascular surgery service’s endovas-
cular surgery was hired, an endovascular operating room
with endovascular and open operative capabilities was built
in the existing operating suite, and access to the existing
interventional suite by the vascular surgeons was obtained.
By 1998, all nine of the vascular specialists on this service
agreed to allow all diagnostic and therapeutic vascular
interventions to be performed by a group member with an
expertise in endovascular surgery. Of the vascular specialists
in the group, currently only one half perform diagnostic
and therapeutic arterial endovascular interventions. All vas-
cular specialists are employees of the Academic Department
of Surgery of the Greenville Hospital System. Financial
compensation is based on a model of actual collections
minus a fixed percentage representing practice overhead,
similar to an arrangement seen in a private practice, with
generated revenues being pooled and split evenly among all
vascular faculty members.
For the purpose of this study, a retrospective review of
our prospective vascular surgery service registry was initi-
ated, examining the total number of cases and the number
of a selected group of index vascular procedures from 1996
(the year the Greenville Hospital System hired the only
other practicing surgeon in Greenville with American
Board of Surgery added qualification in General Vascular
Surgery, thus incorporating and registering essentially all
vascular procedures performed in the Greenville area)
through 2000. We compared the annual procedural vol-
ume from 1996 to 1998 (the 3-year period before the
endovascular subsection) with 1999 to 2000 (the 2-year
period immediately after the endovascular subsection). The
index vascular procedures selected were defined as open
and endovascular procedures performed for the treatment
of occlusive and aneurysmal disease of the aortoiliac arter-
ies, the femoral, popliteal, and tibial arteries, the brachio-
cephalic/subclavian arteries, the carotid arteries, and the
renal arteries. This study, as well, compared the proportion
of open/standard operations with endovascular procedures
for the two time periods to examine any change in practice
patterns for all procedures and then for each specific index
vascular procedural category.
The vascular specialists on this vascular surgery service
dedicated all clinical time to the treatment of vascular
disease during the study period and are all board certified by
their respective specialties. Indications for intervention dur-
ing the study period were based on suggested guidelines,
and procedures were performed according to the judge-
ment of the individual specialists. Differences in propor-
tions of endovascular procedures and standard/open oper-
ations between the two time periods were compared with
the 2 test for homogeneity.
RESULTS
During the study period, the number of referrals to
radiology for therapeutic percutaneous vascular interven-
tion decreased from 122 procedures from 1996 to 1998
(1996, n 42; 1997, n 45; 1998, n 35) to none from
1999 to 2000, reflecting the incorporation of endovascular
surgery into the practice in 1998. Including these in the
analysis, the annual volume of vascular procedures (endo-
vascular and open) performed by the vascular surgery ser-
vice increased by 70% from 1996 (n  402) to 2000 (n 
685). Although the number of open/standard vascular
operations increased from 1996 to 1999 by 49% (n  356
in 1996 to n  531 in 1999), a 5% decrease was seen in
open/standard operations between 1999 (n  531) and
2000 (n  507) as shown in the Figure. In contrast, the
annual endovascular procedural volume increased by 324%
from 1996 (n  42) to 2000 (n  178) as shown again in
the Fig.
The Table provides data on total case volume compar-
ing 1996 to 1998 with 1999 to 2000. In addition, data are
categorized by specific index vascular procedure (aortoiliac-
femoral occlusive disease, abdominal aortic aneurysm, fem-
oral-popliteal/tibial occlusive disease, brachiocephalic oc-
clusive disease, carotid artery stenosis, and renal artery
stenosis). Also shown is the percentage of the total number
of cases that were performed as an open/standard opera-
tion for each time period overall by specific index vascular
procedure. The time period comparison shows a statisti-
cally significant reduction in the proportion of open cases
from 1999 to 2000 when compared with 1996 to 1998 for
total cases and for each index vascular procedure, except for
operations treating carotid artery stenosis and femoral-
popliteal/tibial occlusive disease.
DISCUSSION
The evolution of surgical practice characteristics within
a specialty over time are multifactorial and complex. Today
changes are driven by advances in medical technology, the
aging of the patient population, the increasing severity of
patient disease, interference by the medical industrial com-
plex, financial considerations (including reimbursement is-
sues by government and third party payers), and even the
perceived encroachment by one medical subspecialty into
the medical treatment domain of another. Unfortunately,
not all changes that occur with this evolution result in
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improved patient care. Nevertheless, practice habits do
change and it is incumbent on the practitioner to periodi-
cally evaluate these changes so that adjustments can be
made to improve patient care quality. For example, it was
predictable that laparoscopic cholecystectomy would
largely replace open cholecystectomy for the routine treat-
ment of symptomatic gallstones. Indeed, this is the case as
the procedure has proven to be less invasive, better toler-
ated by the patient, and similar with respect to morbidity
and mortality when compared with its more invasive coun-
terpart.2-4 However, despite intuitive logic, other mini-
mally invasive procedures, such as percutaneous translumi-
nal coronary angioplasty, initially resulted in a paradoxic
increase in the number of coronary artery bypass opera-
tions.5-7 Designed to revascularize the myocardium with
local anesthesia and a balloon catheter, percutaneous trans-
luminal coronary angioplasty was quickly adopted and the-
oretically should have reduced the number of patients who
previously could only have been treated with coronary
artery bypass. However, because more patients underwent
heart catheterization as the population aged, the indica-
tions broadened and the number of cardiologists grew
during the 1980s and 1990s, more disease was found, and
more angioplasties and bypasses were performed.5,6 As this
example illustrates, it is important to examine practice
characteristics periodically and reevaluate trends to meet
the contemporary medical needs. This indeed was the
purpose of this study: to examine the question of whether
the incorporation of endovascular surgery by vascular sur-
geons into an established vascular practice changed the
scope of the practice and the proportion of open peripheral
vascular operations performed.
We found that during the study period the number of
endovascular procedures steadily increased and the number
of open operations plateaued and dropped. The proportion
of open cases decreased from 88% during 1996 to 1998 to
77% during 1999 to 2000. A reduction in the proportion of
open operations occurred for every anatomic index vascular
procedure group except for the management of carotid
stenosis and the management of femoral-popliteal/tibial
occlusive disease. The reduction was most dramatic for the
treatment of renal artery stenosis, where angioplasty and
stenting grew as the primary treatment method from 40%
of cases in 1996 to 1998 to 76% of cases in 1998 to 2000.
There are several possible explanations for the observa-
tions seen in this practice over the study period. These
include the obvious: that new technology exists now that
did not exist in 1996, such as the aortic endovascular stent
graft. Also, there has been a general acceptance that in
certain clinical situations, such as isolated iliac artery steno-
sis in the patient with claudication, angioplasty and stenting
are less morbid and equally efficacious when compared with
open surgery. However, other subtle explanations may also
exist. The financial disincentive in referral of a patient out of
the practice to radiology for an angioplasty cannot be
ignored. These disincentives are removed when the proce-
Volume of vascular procedures by type (open, endovascular, and total) from 1996 to 2000, including interventional
procedures referred and performed by interventional radiology.
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dures are kept within the practice and performed by endo-
vascular specialists within the group. Another explanation is
one of improved local endovascular surgical quality. Ac-
quiring aggressive competent practitioners who are imme-
diately available and develop a regional reputation results in
an increase in patient volume. As well, right or wrong, it is
apparent that clinical indications for intervention in this
practice have most certainly been liberalized in some situ-
ations, therefore increasing the number of endovascular
cases. An example of this is the management of the patient
with intermittent claudication. It appears that the attitudes
of our vascular specialists in regards to endovascular inter-
vention for claudication have become more open. Each of
these experienced practitioners, despite full knowledge that
open surgery carries superior long-term traditional results,
have come to appreciate (albeit begrudgingly in some
cases) the merits of a quick and easy outpatient lower
extremity angioplasty where the patient has immediate
improvement in ambulatory status and maintenance of
independence but with no wound to heal, leg swelling to
deal with, or femoral neuralgia to explain.
Whether one chooses to accept the findings of this
report as germane and applicative to all future vascular
practices or chooses to believe that the trends shown by this
report are an aberration is debatable. However, if the
findings are real, then a shift toward more endovascular and
fewer open cases has important implications. For instance,
most of our endovascular interventions are done on an
outpatient basis. The endovascular transformation has and
will most certainly affect the future nursing requirements
and the bed needs for our inpatient vascular unit. The
transformation will also impact other hospital departments
(ie, the vascular laboratory, the intensive care unit, and the
postanesthesia recovery area). Perhaps the most important
implications are training implications. We believe it is im-
perative to train our future vascular surgeons in the tech-
niques of endovascular surgery. As this study points out,
nearly 25% of this vascular group’s treatment regimen was
therapeutic endovascular surgery in 2000. This figure does
not even consider diagnostic arteriographic procedures,
which outnumber percutaneous therapeutic procedures by
about 3 to 1 in our practice. The analysis shows the impor-
Total number of open/standard and endovascular cases performed
Type of
vascular
procedure
No. of
procedures
performed by
vascular
surgery
service
No. of
interventions
in radiology
Total
no.
performed
No.
performed
open
Percent
open P value
AIOD
1996-1998 198 43 241 166 70%
.003
1999-2000 224 0 224 124 55%
AAA
1996-1998 163 0 163 163 100%
.001
1999-2000 198 0 198 124 63%
Fem-pop/tib
1996-1998 479 61 540 469 87%
.87
(NS)
1999-2000 399 0 399 348 87%
Brachiocephalic
1996-1998 36 4 40 29 73%
.014
1999-2000 55 0 55 26 47%
Carotids
1996-1998 497 0 497 497 100%
.12
(NS)
1998-2000 403 0 403 401 99%
Renal
1996-1998 44 14 58 35 60%
.001
1999-2000 62 0 62 15 24%
Total
1996-1998 1417 122 1539 1539 88%
.001
1999-2000 1341 0 1341 1038 77%
Includes cases referred to radiology for intervention and index vascular procedures comparing 1996 to 1998 (before endovascular program) with 1999 to 2000
(after endovascular program) and also number and percent of cases performed open.
AIOD, Aortoiliac occlusive disease; AAA, abdominal aortic aneurysm; fem-pop/tib, femoral-popliteal/occlusive disease; NS, not significant.
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tance of having every treatment option available when
approaching vascular disease. It was sobering to note that
our practice referred only 30 to 40 angioplasty procedures
to radiology per year before 1998, only to see that number
precipitously increase once we brought endovascular into
the practice. Regardless of whether this change in referral
pattern was driven by patient management control issues,
quality issues, or financial issues, we believe that patients
currently referred to this vascular surgery service receive a
more objective approach to their vascular care because all
treatment modalities are available to the physician for con-
sideration. Unfortunately the field of interventional cardio-
vascular treatment is dominated by physicians who possess
either open or endovascular surgical skills where the prac-
titioner often assumes the philosophy that “when all one
has is a hammer, the whole world becomes a nail.” It is
important that the peripheral vascular specialists of the
future must be free from all factors that prevent appropriate
treatment with either angioplasty or open surgery and,
thus, must possess the ability to treat vascular disease with a
full spectrum of available modalities, not just with open
surgery or with angioplasty, but with either method. Only
then can we obtain true outcome data regarding the best
way to manage these patients, stopping the emotional
literature debates between interventional radiology and
surgery or cardiology and cardiac surgery about the merits
of percutaneous versus open treatment of vascular disease.
Vascular surgery trainees need to learn catheter-based skills
or practice within a group that performs its own endovas-
cular surgery.
We caution against generalizations regarding these
data. We do not truly believe that open vascular operations
in this country will decrease as endovascular surgery prolif-
erates. We appreciate that our vascular surgery service is
atypical. We have the advantage of being able to see a new
patient and to freely refer within the group without loss of
income or control of patient management, such that the
patient receives the most appropriate medical, endovascu-
lar, or surgical treatment. In reality, until we are able to
train enough vascular surgeons who possess all treatment
skills, peripheral vascular disease will continue to be increas-
ingly managed by nonvascular surgeons who possess only
one treatment modality in their armamentarium. As the
number of diagnostic arteriograms and angioplasties by
these subspecialists increases, it can be speculated that the
number of open operations, as was the case in the early days
of coronary angioplasty with coronary artery bypass, will
most likely increase as well. Whether endovascular surgery
can eventually replace most open surgery is unlikely but is
debatable. Clearly the cardiologists, after seeing an initial
increase, have finally seen a reduction in the number of
coronary artery bypasses performed as the coronary artery
percutaneous technology has improved.7 However, the
best way to treat coronary artery disease is still hotly de-
bated between physicians who treat the disease open and
those who treat the disease percutaneously. Where the
peripheral vascular surgeon will eventually fall out in all of
this is unknown, but the vascular surgery potentially will be
positioned well, possessing both percutaneous and open
skills in the armamentarium such that ideal patient care can
be determined and delivered. Certainly time will tell; how-
ever, the important information to be gleaned from this
analysis is that given the clinical environment where the
vascular specialist has all the tools at his disposal, free from
bias, endovascular techniques have reduced the number of
open operations previously performed.
In conclusion, this report shows that the initiation of
endovascular surgery performed by vascular surgeons will
significantly reduce the proportion of open vascular opera-
tions performed in an established vascular practice. These
data reiterate the importance of teaching endovascular
skills, and medical and open surgical skills, to our future
vascular surgeons so that all treatment options will be
available and can be offered to our patients when appropri-
ately indicated.
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DISCUSSION
Dr G. Patrick Clagett (Dallas, Tex). I appreciate the oppor-
tunity to discuss this important paper, and Spence, I don’t think
your experience really is atypical. It is of interest to note that the
Greenville program and our vascular fellowship program at UT-
Southwestern were among the first approved by the RRC to extend
the vascular fellowship by 1 year for formal training in endovascular
surgery. Thus, we have a parallel experience, but there are also
some differences. Dr Mark Jackson of our group has spearheaded
the effort in endovascular training and has full privileges in the
angiography suites at all of our hospitals. We, like the Greenville
group, have experienced a dramatic increase in endovascular pro-
cedures along with a decrease in some index open procedures.
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However, the difference is that our relationship with interventional
radiology is somewhat more collegial and we often work side by
side with them in the angiography suite and also in the operating
room. We feel that this multidisciplinary approach actually en-
hances the overall quality of education and patient care.
One of the most important implications of this paper is on
changes in training of both vascular surgeons and general sur-
geons. At the American Board of Surgery retreat last week in
California, the ABS overwhelmingly endorsed the concept of
tracking and contracted training in general surgery with a 4 plus 2
model in which 4 years would be devoted to general surgery and 2
years to vascular surgery or another subspecialty area. The ABS will
present the case for this training model to the American Board of
Medical Specialties in the spring, and it is possible that we may see
the 4 plus 2 model implemented for vascular surgery in 2003.
Therefore, the changing pattern of endovascular and open proce-
dures will most likely be played out in this training model. I have
three specific questions.
Number one, have you noted an increased complexity of the
open procedures? In our experience, especially with open aneu-
rysm repair, the level of complexity has increased dramatically with
the introduction of stent graft procedure for more straightforward
aneurysms.
Two, have you found it necessary to alter the case load
distribution of open procedures among general surgery residents
versus vascular surgery fellows? Because of decreased numbers of
open aneurysm repair and aortofemoral bypass along with the
increased complexity of these procedures, we feel that it is appropriate
that vascular surgery perform these operations. Do you agree?
And finally, what are your interventional radiologists doing
these days?
Thank you for the privilege of discussing this paper.
Dr Spence M. Taylor. Dr Clagett, thank you very much. I
agree. I think the complexity indeed has changed. I think perhaps
more than that, the number of sicker older patients has increased
and the management of these types of problems on a day to day
basis has become more complex. It is very difficult to say, but I
believe that the guys that do mostly the open cases, which would
be me, are seeing more complex aortas and complain constantly
because Dr Sullivan in my group gets all the easy cases. I don’t
know how to analyze this, but I believe it is true.
Our policy with general surgery training is probably similar to
yours. We relegate the endovascular experience to our fellow.
During the first year, the fellow does the endovascular exclusively.
We believe our general surgeons do not need to have these skills,
and I do not think the general surgeons really want these skills.
They do not go to the endovascular operating suite. We still have
plenty of open volume for our general surgery residents.
Our interventional radiologists are still collegial, but they are
not busy and they see cases that are referred from physicians not in
our group. They put in a lot of PICC lines, and they put in a lot of
PermCaths. Our travails with radiology are well known around the
upstate of South Carolina; however, we openly tried to bring them
on board in a financial model where we had shared incentives with
the practice. Unfortunately, we could not come to agreement after
18 months of working through it. It is a long story but—Perm-
Caths and PICC lines.
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